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IIIInnnnssssuuuullllaaaattttoooorrrrssss     aaaannnndddd    CCCCoooonnnndddduuuuccccttttoooorrrrssss::::
TTTThhhheeee    CCCCooooeeeeffffffffiiiicccciiiieeeennnntttt    ooooffff    CCCCoooonnnndddduuuuccccttttiiiivvvviiiittttyyyy

                SSSSTTTTUUUUDDDDEEEENNNNTTTT    TTTTEEEEXXXXTTTT

Have you ever thought about why sand is cool and blacktop hot when you walk across either
on a hot summer day?  Or on a really hot summer day, a barefoot person usually walks across
a cement driveway much faster than a grassy lawn. Why does the handle of a wooden spoon
feels cooler to the touch than the handle of a metal spoon, even if both spoons are sticking out
of the same pot of hot soup?  Why does a plastic tray of ice cubes removed from the freezer
feel warmer than a metal tray of ice cubes?

F o r  each p ai r  o f m at er i als i n t hese exa m pl es, t he su bst ances ar e i n the  sa m e  en vir on m en t a nd 
th ei r  t em p er atu r es a r e equ al , yet th ey do no t f eel  t he sam e to our  t ouch.

A scientist would say, "Even though the temperatures are equal, the coefficient of conductivity varies from substance to
substance." She would mean that heat flows through some substances more quickly and easily than through others.

In  t he “ T h r e e M eth od s o f H ea t T r an sf er ”  acti vit y you  he ate d a m eta l r od  an d wat che d dr o ps of  wa x f al l o ff.    No w i m a gin e
yo u and  yo ur  cl assm a tes ar e the  m o le cul es in  th at me tal  r o d.   You ar e l ine d up ver y clo se to get her  so t hat  t he kin et ic ene r g y
yo u exh ibi t thr oug h vib r at in g, spi nn ing , a nd  m o vin g is bei ng  tr ansm i tte d t o oth er  mo lecule s nea r  you .

Yo u can  si m u lat e t hi s b y l in ing  up  ver y cl ose t oge th er  wit h 8–1 0 o th er  stu de nts.  Pu t o ne ha nd on th e shou ld er  of th e p er son 
to  your  le ft , a nd th e o the r  on the  shou lde r  of the  p er son to  yo ur  r i ght .  Th e f ir st per son  i n t he li ne sho ul d b egi n to move like a 
m o le cul e, vi br a tin g,  sp inn in g, and  m ovi ng.   Thi s m ol ecu le’ s kin eti c ene r gy a ffe cts t he oth er  m o lecul es nea r  it.   T ho se
m o le cul es st ar t  to  m ove  an d to aff ect t hei r  nei ghb or s.  T h is sh ows h ow qui ckly the  e ner gy is tr ansm i tte d i n the  m e ta l r od. 

If  your  gr ou p w er e  sim u lat in g a  wo od en dow el , t hin gs wo uld  b e m uch  d iff er e nt .  To tr y i t, mo ve far th er  apa r t  in  th e lin e u nt il
yo u ar e  a fu ll ste p awa y f r o m  e ach  n eig hbo r .   Ever y oth er  pe r so n d r o ps his o r  h er  ha nd fr o m  one  ne ig hbo r ’s shou lde r .   N ow
wh en  th e f ir st per so n i n l in e m ove s like a  m ole cul e,  th er e  a r e gap s in tr a nsm issio n,  an d t he  m o vem en t i s m uch slow er .

T h is is th e dif fer en ce bet we en a g oo d cond uctor  of  h eat  an d a p oor  o ne.   Sub sta nce s tha t con duct h ea t w ell  a r e cal le d
co n d u ct o rs .  T hey ha ve  hi gh co ef f ic ien t s  o f  co n d u ct ivi t y .  T his is a  co nst an t n um b er  by wh ich w e can  co m pa r e 
su bstan ces a cco r di ng  to  ho w wel l t he y cond uct h eat .

HHHHeeeeaaaatttt::::    AAAAnnnn    AAAAggggeeeennnntttt    ooooffff    CCCChhhhaaaannnnggggeeee

Su bstan ces t hat  do  n ot con du ct hea t wel l a r e  ca lle d in su lat o rs . Th e w or d 
in su lat or  co m es fr om  th e L at in wor d in su la, wh ich  m e an s isla nd. Th at makes
se nse w hen  w e consid er  tha t insula ti on is su ppo sed  t o keep  a  su bst an ce at a
pa r t icu lar  t em p er a tu r e,  even  th oug h the  su r r oun din g tem per at ur e  is d iff er e nt .
In su lat or s h ave  a lo w coef fi cie nt of  co ndu ct ivi ty;  t hey do  n ot con du ct hea t wel l.
No nm eta ls,  such  as w ood , t extil es,  a nd pla st ic,  ar e usu all y poo r  con ductor s. 
G a se s a r e al so poo r  con ducto r s. 
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T h e ter m  c o e f f i cie n t  m e an s a  nu m b er  val ue  th at ca n b e ca lcula ted  f or  each sub sta nce so d if fer ent  m ate r ia ls ca n b e mor e
ea si ly com pa r ed . C op per  is a  ve r y go od con du cto r  o f hea t. Scien tists r a te it  at  38 6 W/m - oK.  W ate r  a nd  wo od ar e i nsu la tor s,
an d ar e  no t goo d con ductor s of hea t.   W ate r  has a co eff ici en t o f con ductivit y o f . 6 W/m - oK an d w ood  a ver age s 0.1  W / m - oK. 
( I f air  is n ot a g oo d cond uctor  of  h eat , w ou ld its coef ficie nt be a lar ge nu m be r  o r  a sm al l num ber ?) 

Yo u can  co m p ar e  co ef ficien ts of  co nd uct ivi ty fo r  d if fer ent  m ate r ia ls to  te ll  wh ich  a r e insul ato r s an d w hich ar e  co nd uct or s.  In 
th e fol low in g t abl e,  no tice tha t cop per  ha s a valu e ove r  o ne , w hil e wat er  an d w ood  h ave  ve r y sm all  d eci m al  valu es.   Stu dy
th e tab le to  de ter m i ne whi ch  ar e con ductor s and  wh ich a r e in sul ato r s.

Material Co ef f ic ien t  of  Co n d u ct i vit y
W / m- oK

Co n d u ct o r or  In su l at o r? 

Co pp er 386
W a te r .6
W o od .1
Al um inu m 204
G l ass .7 8
Le ad 35 
En gi ne oil .1 4
Co r k .0 43 
Br ick .6 9
F e lt .0 36 
Ir on 73 
T i n 64 
Skin .3 
St ee l ( dep en ds on
co m p osi tio n) 

40 - 7 0

T u ng ste n 16 3
Ai r .0 3
Hydr oge n .1 8
He li um .1 7
O xyg en .0 3
Ni tr oge n .0 26 
M e r cur y 9
W a ll boa r d .0 48 


